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Many years of experimentation have led to the development and improvement of equipment and methods used to make gas source 
rock correlations. By crushing samples using a ball mill and directly collecting adsorbed gases in the absence of aqueous media 
under high vacuum conditions, most possible interference factors, such as atmospheric pollution, crushing-induced pyrolysis, and 
gas collection by aqueous media are eliminated. This greatly enhances the volume percentage of hydrocarbon gas in the acquired 
adsorbed gases, with maxima up to more than 80%. The actual measurement of carbon isotopic series can be carried out to such 
an extent as to be δ13C1–δ13C5. A preliminary study using newly established equipment and methods has indicated the following. 
(1) The carbon isotopic composition of ethane in adsorbed gases on hydrocarbon source rocks can be used to distinguish the types 
of source rocks. This is consistent with results obtained by using organic geochemical parameters for source rocks, and illustrates 
that it is highly feasible to use the carbon isotopic composition of ethane in natural gases as a parameter for distinguishing the 
types of source rocks. (2) The thermal evolution degree (Ro) of hydrocarbon-source rocks calculated in terms of the carbon iso-
topic composition of methane in adsorbed gases on hydrocarbon source rocks agrees well with the vitrinite reflectance actually 
measured in the source rocks. This confirms the reliability of the relationship between the carbon isotopic composition of methane 
in natural gases and the thermal evolution degree determined using statistics. (3) Finally, a direct gas source correlation method 
for natural gases has been established, and the expression of log Ro vs. δ13C1 established in terms of actually measured δ13C1 val-
ues of methane in absorbed gases. Ro values of hydrocarbon source rocks have been established as well, thus creating favorable 
conditions for precise oil-and-gas source correlations in exploration areas.  
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Atoms or ions on the surface of rock pores have the ability 
to adsorb gases or liquid as a result of their surplus valence 
force field. As they diffuse and migrate, natural gases will 
be continuously adsorbed onto rocks [1–3]. A range of 
physical approaches can convert the adsorbed state of a nat-
ural gas to the free state, followed subsequently by gas col-
lection. This process is referred to as gas adsorption in the 
field of oil and gas geochemistry [4]. Adsorbed gases are of 
great significance both in theory and in practice in con-
straining the genesis of natural gases, gas source correlation, 
oil and gas migration and accumulation, assessments of 
hydrocarbon source rocks and reservoir layers, as well as 
for such topical research fields as coal-measure gas, shale 
gas, or impact sandstone gas [3–15].  
At present in China, domestically available adsorbed gas 
degasification-collection equipment [16–21] can be divided 
into two main categories. The first category consists of ad-
sorbed gas degasification-collection systems that use water 
as the airtight medium, and the other category involves 
vacuum degasification-dewatering gas collection systems. 
Due to the presence of aqueous media, these two categories 
of equipment are low-vacuum, high-background and high- 
eak rate systems. In addition, due to limiting factors such as 
the small size of the inlet sample or crushing sample and 
other pretreatments, the hydrocarbon gases in acquired ad-
sorbed gases are low in amount and concentration. This 
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results in a situation where the available experimental in-
struments make it difficult to precisely and reliably deter-
mine the hydrocarbon gas components in the adsorbed gases 
using conventional methods, especially isotopic composi-
tion data. Internationally, little has been reported on ad-
sorbed gases, and no data concerning this subject is availa-
ble to be referenced. This study, by taking advantage of 
many years of practice and exploration, has overcome the 
aforementioned disadvantages of the equipment and pro-
vided a basis for the establishment of more scientifically 
reliable equipment for adsorbed gas degasification and col-
lection. The geochemical characteristics of carbon isotopes 
in adsorbed gases found on hydrocarbon-source rocks in the 
Ha-Tu, Santanghu and Liaohe basins have confirmed, for 
the first time, that that there is an excellent affinity between 
adsorbed gases and corresponding hydrocarbon-source 
rocks. As a result, a new method has been established for 
direct gas source correlation and hydrocarbon source rock 
assessment. 
1  Experimental set up 
The newly established adsorbed gas degasification-collec- 
tion device presented in this paper is the culmination of 
many years of modifications and testing based on a proto-
type six-jar planetary high-energy ball mill made by the 
Fritsch Company of Germany. The experiments follow the 
following steps. (1) The 100–200 g rock samples and a 
fixed number of stainless steel balls are put into a vacuum 
canister, then the vacuum canister is sealed and evacuated 
by a vacuum pump to between 10−4 and 10−5 of standard 
atmospheric pressure. (2) The vacuum canister ball mill 
assembly is connected to a power supply and spun at high 
speed. During this process, the rock samples in the vacuum 
canister are crushed by the stainless steel balls and their 
absorbed gases are desorbed under the high vacuum. (3) 
The ball mill runs for 3–5 min then is powered down. The 
0.5 to 1.0 mL of absorbed gas in the vacuum canister is ac-
quired by gas- collection equipment. The carbon component 
and carbon isotopic composition are then measured.  
Compared to devices developed by previous researchers, 
this new device has several advantages. (1) The degasifica-
tion device has the ability to test a large sample (100–200 g). 
As a result, a greater amount of adsorbed gas can be ac-
quired. (2) The degasification device is capable of main-
taining a high vacuum, varying between 10−4 and 10−5 of 
standard atmospheric pressure. Because of the high vacuum, 
low atmosphere background and low penetration, the ac-
quired adsorbed gases are therefore generally free from at-
mospheric pollution. (3) The degasification device runs for 
a relatively short time duration for crushing under low- 
temperature vacuum conditions. The duration of sample 
crushing under vacuum is about 3–5 min at a temperature 
between 40 and 50°C. Therefore, the acquired adsorbed 
gases are not affected by “pyrolysis gas”. (4) The use of a 
water-free gas collection device to collect adsorbed gases 
avoids the interruption of the components and isotopic 
composition of adsorbed gases that occurs with dewatering 
gas-collection methods. Measurement and analysis indicat-
ed that the acquired adsorbed gases are composed mainly of 
hydrocarbons and carbon dioxide, with the hydrocarbon gas 
accounting for more than 80%. This suggests that the gas 
was derived from hydrocarbon source rocks then preserved 
in an adsorbed state in the source rocks after migration. The 
acquired adsorbed gas samples all can be measured reliably 
for their δ13C1–δ13C3 data, and some of them can even be 
measured for δ13C4–δ13C5. The δ13C values of adsorbed gas 
measured in parallel samples are reproducible with a devia-
tion less than 0.3‰. This is an acceptable level for geo-
chemical studies applied to adsorbed gases. 
In this study, Shuixigou Group (J1-2sh) mudstone and 
coalstone samples were selected from the Tu-Ha and San-
tanghu basins, as well as mudstone, oil shale and drilling 
core samples from the third (Es3) and fourth (Es4) members 
of the Shahejie Formation from the Liaohe Basin. Extrac-
tion experiments were undertaken for adsorbed gases using 
the degasification and gas collection method described 
above. The adsorbed gases were then measured for their 
carbon isotopic composition. Carbon isotopic analysis was 
undertaken at the Key Laboratory of Oil and Gas Resources, 
Chinese Academy of Sciences using GC-C/TC-IRMS tech-
niques. An HP6890 model gas chromatograph and a DEL-
TAplusXP model isotopic mass spectrometer were employed 
in this study. The latter device has an analytical precision of 
0.3‰ for carbon isotopic composition. The results of the 
experimental analyses are listed in Table 1. 
2  Results and discussion 
2.1  Types of organic matter in hydrocarbon source 
rocks 
At present, the results of adsorbed gas studies are mainly 
used for gas source correlations, which enable the investiga-
tion of a series of relevant scientific problems in petroleum 
geology. Gas source correlations are important for charac-
terizing the type of organic matter in source rocks. This 
study used direct measurements of the carbon isotopic 
composition of adsorbed gases on source rock samples to 
distinguish the types of source rocks. 
Table 2 lists basic data from the source rock samples in 
addition to some geochemical parameters that can be used 
to distinguish the types of organic matter present. In ac-
cordance with the standards for geochemically assessing 
terrestrial hydrocarbon source rocks (the industrial standard 
for China’s petroleum and natural gases SY/T 5735-1995), 
pyrolysis coefficients were determined. Additionally, the 
micro-component contents of four samples (Zhang 1, Wa 17, 
Ou 24, Da 15) were used in the classification. Note that  
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Table 1  Measured carbon isotope data for the adsorbed gases on source rocks 




Dabu 2-1  3655.73 J2x mudstone −38.9 −22.9 – 
Dabu 2-2  3655.76 J2x mudstone −41.2 −28.9 −23.6 
Dabu 2-3  3658.44 J2x mudstone −41.6 −26.7 – 
Lingshen 1-1  3846.24 J2x coalstone −38 −21 −26.7 
Lingshen 1-2   3940 J2x coalstone −45.3 −17.6 −19.7 
Lingshen 1-3 4046.5 J1s mudstone −43.5 −27.7 −27.3 
Lingshen 1-4 4079.7 J1s mudstone −43.5 −27.9 −25.5 
Lingshen 1-5 4080.25 J1s mudstone −39.6 −29.2 −27.7 
Du 1 3297 J2x mudstone −46 −24.9 – 
Lian 4 4181.5 J1b mudstone −30.1 −29.3 – 
Liaohe Basin 
Da15 4216.9 Es3 mudstone −40.7 −27.2 −23.9 
Ou 24 2361 Es3 mudstone −48.2 −25.9 −25.8 
Wa 17 3472 Es3 mudstone −49.8 −31.4 −26.5 
Zhang 1 1786.23 Es4 shale −49.7 −31.2 −32.5 
Table 2  Classification data for organic material in source rocks 
Sample No. IH (mg/g) S1+S2 (mg/g) S2/S3 D (%) Pyrolytic classification Microscopic classification 
Dabu 2-1  8 0.09 0.17 2.02 III – 
Dabu 2-2  6 0.08 0.1 4.15 III – 
Dabu 2-3 9 0.08 0.4 1.58 III – 
Lingshen 1-1  157 124.48 15.32 14.47 II2 – 
Lingshen 1-2  181 133.18 10.52 16.76 II2 – 
Lingshen 1-3  22 0.12 0.26 4.53 III – 
Lingshen 1-4  301 3.71 17.8 26.1 II2 – 
Lingshen 1-5  122 1.62 16.22 11.3 II2, III – 
Du1  172 13.75 5.07 14.69 II2 – 
Lian 4 253 7.2 57.75 21.89 II1, II2 – 
Da15 47 0.55 0.7 6.17 III III 
Ou 24 249 75 5.32 21.17 II2 III 
Wa 17 328 7.21 20.74 30.53 I, II1 I 
Zhang 1 676 60.09 109.04 57.33 I, II1 II1 
 
 
there is more consistency in the pyrolysis classification re-
sults and those of microscopic examination classification. 
The δ13C2 value is an important indicator for distinguish-
ing types of natural gases. The samples used in this study 
were collected from low-maturity organic source rocks, so a 
δ13C2 value of −29‰ was taken as a boundary value to sep-
arate oil-type from coal-type adsorbed gases [22]. The types 
of organic matter identified in source rocks from the δ13C2 
values of adsorbed gases are consistent with those deter-
mined from organic geochemistry data obtained from 
source rock samples (Figure 1). In other words, oil-type 
gases were derived from sapropelic and humus-sapropelic 
hydrocarbon source rocks, whereas coal-type gases were 
derived from humus and sapropelic-humus hydrocarbon 
source rocks. The four gas samples in Figure 1 all fall with-
in the field of oil-type gases. As for these four gas samples, 
the δ13C2 values of adsorbed gases from Wa 17 and Zhang 1 
are less than −31‰, and the adsorbed gases have obvious 
characteristics of oil-type gases. These samples are the only 
two (of 14) that are designated as type I or type II1 in ac-
cordance with two kinds of measured organic geochemical 
parameters. The other two samples falling within the field 
of oil-type gases were collected from Lingshen 1 and Lian 4. 
Their source rock organic matter was classified as humus 
type in terms of pyrolysis experimental data (Table 2), but 
the δ13C2 values of these two adsorbed gases are −29.2‰ 
and −29.3‰, respectively, which fall within the field for 
oil-type gases. In combination with the fact that the analyti-
cal error of the δ13C value is ± 0.3‰, and consistent with 
the analysis of their geological data, the organic matter can 
reasonably be classified as humus type. 
It therefore can be concluded that source rock types can 
be directly distinguished in terms of the δ13C2 values of ad-
sorbed gases acquired by the newly developed degasification  
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Figure 1  Schematic diagram of source rock/natural gas classification in terms of the δ13C1 and δ13C2 values of adsorbed gases. 
gas collection device. This also indicates that there is a good 
“affinity” between absorbed gases and their source rocks, 
thereby providing a new approach for distinguishing the 
types of source rocks. 
2.2  Maturity of hydrocarbon source rocks 
In the geochemical study of natural gases, the maturity of 
natural gas source rocks generally is calculated in agree-
ment with δ13C1 values as  
 δ13C1 (‰) = alg Ro + b,   (1) 
where a and b are constants. This has been established in 
accordance with abundant carbon isotope data for natural 
gases combined with source rock maturity data for the study 
area. In past studies, this empirical model generally was 
confirmed to be desirable, but little has been reported about 
the regression of logRo vs. δ13C1 in accordance with meas-
ured maturities (Ro) of source rocks and the δ13C1 values of 
adsorbed gases on the source rocks. 
Table 3 lists the measured Ro values, the δ13C1 values of 
adsorbed gases of source rock samples, and the Ro values 
calculated with the expression  
 δ13C1 (‰)＝ 48.77 lg Ro – 34.1,    (2) 
at an early stage in the evolution of coal-type gases [23]. 
The results show that the measured Ro values of the source 
rocks are consistent with those calculated in terms of the 
δ13C1 values of adsorbed gases on source rocks.  
A correlation diagram of the measured and calculated Ro 
values of humus source rocks (Figure 2) is drawn in terms 
of the data from Table 3. In this figure, the Ro values of  
Table 3  The δ13C1 values of adsorbed gases and their measured and cal-
culated Ro values 
Sample No. δ13C1 (PDB, ‰) Measured Ro (%) Calculated Ro (%) 
Dabu 2-1 −38.9 0.73 0.8 
Dabu 2-2 −41.2 0.66 0.72 
Dabu 2-3 −41.6 0.73 0.7 
Lingshen 1-1 −38 0.82 0.83 
Lingshen 1-2 −45.3 0.66 0.59 
Lingshen 1-3 −43.5 0.55 0.64 
Lingshen 1-4 −43.5 0.53 0.64 
Lingshen 1-5 −39.6 0.76 0.77 
Du 1 −46 0.46 0.57 
Lian 4 −30.1 1.1 1.21 
Da 15 −40.7 0.96 0.73 
Ou 24 −48.2 0.53 0.51 
Wa 17 −49.8 0.41 0.36 
Zhang 1 −49.7 0.35 0.37 
 
 
source rocks from Wa 17 and Zhang 1 are not listed because 
they are dominated by sapropelic source rocks. As can be 
seen from Figure 2, there is a good linear relationship (cor-
relation coefficient r = 0.84) between the measured and 
calculated Ro values. This indicates that it is feasible to use 
the measured Ro values of source rocks in the study area and 
the δ13C1 values of adsorbed gases on the corresponding 
source rocks, to directly establish the expression log Ro vs. 
δ13C1 for the study area. Although no progress had been 
made on the above petroleum geology problem in recent 
years, the sophistication and perfection of the relevant tech-
niques and methods presented here provide a new solution. 
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Figure 2  Correlation diagram for measured and calculated values (Ro) for humus source rocks. 
Based on available data, this study undertook a regres-
sion of measured Ro values for humus source rocks, then 
measured δ13C1 values of adsorbed gases on the corre-
sponding source rocks, and presented the expression:  
 δ13C1(‰) = 35.37 lg Ro – 35.6,   (3) 
with r = 0.83. Among the measured Ro values, the Ro value 
of the source rock samples collected from Lian 4 is 1.1%, 
the only one >1%. In consideration of the fact that the Ro 
value at the intersection of the two-stage model of coal-type 
gases is about 1%, the consideration of data from Lian 4 is 
justified. The above expression is appropriate for the early 
stage of evolution of humus source rocks. 
In Figure 3, the above expression and the expression for 
the early stage of evolution of humus source rocks [23] are 
observed to be comparable. As a matter of fact, this expres-
sion in another form is shown in Figure 2, where it is much 
closer to the expression commonly used in research. 
By applying the above analysis methods (i.e. employing 
the available adsorbed gas degasification-gas collection 
device and method) to some examples, this study is shown 
to be of pioneering significance and applicability in accurate 
oil and gas source correlations. Empirical deductions on the 
basis of statistics are no longer necessary in cases where the 
maturity (Ro) of source rocks is determined in accordance 
with the δ13C1 values of natural gases. The δ13C1 values of 
adsorbed gases on source rocks in the working area and the 
Ro values of source rocks can be directly measured and ver-
ified, so as to invoke accurate oil and gas source correla-
tions in the study area. This provides valuable scientific 
information on a great number of problems involved in pe-
troleum geology, e.g., the genetic types of oils and gases, oil 
and gas migration and reservoir accumulation, accurate 
identification of regional hydrocarbon-source rocks, the 
within-the-region oil and gas potential and the orientation of 
oil and gas exploration. 
This research has been carried out in conjunction with an 
immature gas subject. All of source rock samples were col-
lected from Mesozoic to Cenozoic stratigraphy and remain 
in their original states because they only experience a rela-
tively simple geological evolution through continued sub-
sidence. Hence, the δ13C values of adsorbed gases can be 
used to accurately distinguish types of organic matter and 
maturity of relevant source rocks, and establish the equation 
of logRo vs. δ13C1. The key to realizing the above goal lies in 
the accuracy and reliability of the technology and methods 
used to characterize the adsorbed gases. To advance this 
research, further investigations are needed of source rock 
adsorbed gases from sedimentary basins that have experi-
enced millions of years of geological evolution and complex 
multi-stage tectonic histories.  
3  Concluding remarks 
Through many years of investigations, the authors have 
designed and established the aqueous-media-free, high- 
vacuum, ball-grinding adsorbed-gas degasification collec-
tion device and accompanying experimental method pre-
sented in this paper. This approach has a series of ad-
vantages (e.g. the large sample inlet, the high vacuum, the 
short time scale for sample crushing, the low crushing tem-
perature and the collection of water and free gas) that can-
not be matched by any previous design. In addition, the  
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Figure 3  Ro vs. δ13C1 correlation plot of humus source rocks.  
hydrocarbon gas content in adsorbed gases is relatively high, 
which means that δ13C1−δ13C5 data can be collected. Studies 
involving the measurement of δ13C series data for adsorbed 
gases from hydrocarbon source rock samples collected from 
the Tu-Ha, Santanghu and Liaohe basins enable the follow-
ing conclusions to be drawn. 
Adsorbed gases can be divided into oil-type and gas-type 
gases in terms of their δ13C2 values. That is to say, the or-
ganic matter in their source rocks is dominated by sapropelic 
and humus types. This determination is fully consistent with 
the types of organic matter characterized by the measured 
organic geochemical parameters for the corresponding 
source rocks. This illustrates that it is feasible to use the 
carbon isotopic composition of ethane in natural gases as a 
parameter for determining the types of parent materials. 
Based on the δ13C1 values of adsorbed gases, the maturi-
ties of source rocks were predicted, i.e., the δ13C1 values of 
adsorbed gases and the maturities (Ro) of the corresponding 
source rocks were calculated using the relationship logRo vs. 
δ13C1. Then the maturities (Ro) of the corresponding source 
rocks were compared with the measured Ro values of the 
studied source rocks. The results show that there is a clear 
linear relationship between calculated and measured Ro 
values, with the correlation coefficient reaching 0.84. All 
this has proved the reliability of determining the relation-
ship between the carbon isotopic composition of methane in 
natural gases using the statistical method and the thermal 
evolution degree. 
Of the samples used in this study, 12 were collected from 
humus hydrocarbon source rocks. A regression of the cor-
relations between δ13C1 data for adsorbed gases on the 
source rocks and the measured Ro values results in eq. (3), 
with r = 0.83. This regression expression was established 
using, for the first time, (1) the measured δ13C1 values of 
adsorbed gases on natural source rock samples from an ex-
ploration area and (2) the measured Ro values from the same 
source rocks. In the past, this expression was statistically 
obtained with the help of abundant actual data. Such deter-
minations have great significance for a wide range of geo-
logical investigations.  
A tenuous oil-and-gas source correlation model now can 
be established for a given working area using the newly 
established experimental device and accompanying method. 
Further experimental approaches, based on this research, 
need to be developed to carry out more extensive investiga-
tions of some key issues concerning oil and gas geology. 
Such work should provide significant information, for ex-
ample, on the genetic types of petroleum, oil and gas migra-
tion and accumulation mechanisms, accurate identification 
of regional hydrocarbon source rocks, regional oil and gas 
potential, and even the orientation of oil and gas exploration 
efforts.  
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